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Characterizing Honeybee Cuticular Hydrocarbons During Foraging
Introduction
	 When	 visiting	 a	 floral	 patch,	 honeybees	 have	 to	
decide	 to	 continue	 or	 abandon	 the	 feeding	 site.	 During	







visits	 and	 the	 intensity	 of	 nestmate	 recruitment	 within	 the	
hive;	the	interval	in-between	foraging	visits	is	shortened,	and	
the	probability	of	 abandoning	 the	 source	decreases	 (Núñez,	
1970;	Núñez,	1982;	Seeley	et	al.,	1991;	von	Frisch,	1967).
Abstract 
Honeybees (Apis mellifera) adjust their time and effort during foraging activity. 
Their metabolic rates together with body temperature rise while gathering 
profitable resources. These physiological changes may result in a differential 
cuticular profile, which in turn may bear communicational value. We evaluated 
if sucrose concentration of collected food affects the cuticular chemistry of 
honeybees during foraging. We trained bees to artificial feeders with high (2 M) 
and low (0.5 M) sucrose concentrations, and captured the active foragers for 
surface extraction of cuticular compounds. We sampled foragers just after feeding, 
before taking-off towards the hive, and upon landing at the hive entrance, before 
entering the hive. Through gas chromatography-mass spectrometry analysis of 
cuticular extracts, we identified and quantified 48 compounds, including cuticular 
hydrocarbons (CHCs) and volatiles associated with exocrine glands. We found 
that higher sucrose concentrations resulted in increased amounts of alkanes and 
alkenes in the surface extracts of foragers captured at the hive entrance, but 
not at the feeding site. Our results suggest that the differences that have been 
reported for CHCs in waggle-dancing honey bees can be already found once they 
return to the hive from profitable food sources.
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The	 productivity	 of	 the	 food	 source	 also	 correlates	
positively	 with	 the	 metabolic	 rate	 of	 the	 forager	 bee,	 and	
higher	 metabolic	 rates	 imply	 a	 higher	 motivational	 state	
in	 the	 bee	 (Núñez	 &	 Giurfa,	 1996).	 Indeed,	 the	 thoracic	
temperature	of	forager	bees	has	been	also	used	as	a	measure	
of	foraging	motivation	(Schmaranzer	&	Stabentheiner,	1988;	




1988;	 Waddington,	 1990)	 and	 inside	 the	 hive	 (Farina	 &	
Wainselboim,	2001;	Stabentheiner	&	Hagmüller,	1991).
When	a	forager	bee	returns	to	the	hive	from	a	profitable	
nectar	 source,	 it	 dances	 vigorously	 to	 communicate	 the	
discovered	 food	 source	 to	 its	nestmates	 (von	Frisch,	1967).	 
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This	 stereotypic	 display	 not	 only	 informs	 about	 distance	
and	 direction	 to	 the	 food	 source,	 but	 also	 facilitates	 the	
conveyance	 of	 chemical	 cues	 such	 as	 odors	 from	 the	




forager	 also	 transfers	 the	 gathered	 crop	 contents	 through	
trophallaxis	 (mouth	 to	 mouth	 contacts)	 to	 receiver	
nestmates.	 Both	 dance	 and	 trophallaxis	 affect	 the	 body	
temperature	 of	 the	 bees;	 waggle	 dancing	 increases	 the	
body	 temperature	 of	 the	 recruiting	 bee	 (Stabentheiner,	
1996;	Stabentheiner	&	Hagmüller,	1991),	and	trophallaxis	
raises	 the	 body	 temperature	 of	 food	 receivers,	 which	 is	
also	 affected	 by	 unloading	 rate	 and	 body	 temperature	 of	
the	donor	bee	(Farina	&	Wainselboim,	2001).
Changes	 in	 metabolic	 rates	 and/or	 thoracic	
temperatures	 of	 the	 active	 foragers	 may	 also	 promote	
a	 passive	 emission	 of	 cuticular	 hydrocarbons,	 which	 in	
turn	 may	 result	 in	 a	 chemical	 cue	 to	 promote	 foraging.	
Indeed,	four	cuticular	hydrocarbons	(CHCs),	Z-(9)-tricosene,	
tricosane,	 Z-(9)-pentacosene	 and	 pentacosane,	 have	 been	
reported	 as	 putative	 semiochemicals	 emitted	 by	 waggle-
dancing	bees	(Thom	et	al.,	2007).	To	mimic	a	situation	that	
represents	intensive	dances,	three	of	these	compounds	were	
artificially	 added	 into	 a	 hive,	 resulting	 in	 more	 foragers	
exiting	 the	 hive	 and	 visiting	 known	 food	 sources	 (Gilley,	
2014;	 Gilley	 et	 al.,	 2012;	 Thom	 et	 al.,	 2007).	 These	 four	
CHCs	were	detected	by	sampling	the	abdominal	surface	of	
dancing	bees,	and	despite	their	low	volatility,	they	were	also	
found	 in	 their	 surrounding	headspace	 (Thom	et	 al.,	2007).	
Moreover,	 among	 several	 other	 compounds,	 the	 same	
hydrocarbons	 were	 reported	 not	 only	 in	 the	 headspace	 of	





motivation	 in	 honeybees,	 it	might	 be	 expected	 that	 food	
source	 profitability	 modulates	 this	 signal,	 a	 possibility	
that	 has	 not	 yet	 been	 explored.	 This	 hypothesis	 rests	 on	
the	fact	that	sucrose	concentration	modulates	the	foraging	
motivational	 state,	which	 itself	 promotes	 changes	 in	 the	
metabolic	 rate	 and	 the	 body	 temperature,	 potentially	
promoting	 the	 emission	 of	 CHCs.	 Such	 differential	
emission	 of	 hydrocarbons	 might	 be	 detected	 not	 only	
within	 the	 social	 environment	 of	 the	 hive,	 but	 also	 in	
the	 foraging	 context.	 In	 this	 study,	 we	 characterized	
the	 cuticular	 hydrocarbon	 profiles	 of	 forager	 bees	 with	
respect	 to	 food	 source	 profitability.	 Specifically,	 we	
analyzed	 the	 cuticular	 extracts	 of	 forager	 bees	 fed	 with	
different	 sucrose	 concentrations	 at	 two	 different	 stages	
during	 foraging:	 i)	 at	 the	 feeding	 site,	 and	 ii)	 once	 they	
land	at	the	hive	entrance.
Materials and Methods
Study Site and Animals 
Three	 colonies	 (H1,	H2	 and	H3)	 of	 honeybees	Apis 











located	at	one	 end	of	 the	 chamber,	 allowing	 for	6	m	direct	










Two	 experimental	 settings	 were	 employed;	 one	
for	collecting	 forager	bees	at	 the	 feeding	site	 (H1	and	H2),	
and	 another	 for	 collecting	 them	 at	 the	 hive	 entrance	 (H3).	
Non-foraging	 honeybees	 from	 inside	 the	 hive	 (H1	 and	H2,	
henceforth	“hive	bees”)	were	also	captured	and	extracted	for	
comparison	purposes.	To	be	sure	that	they	were	not	foragers,	
these	 bees	were	 caught	 from	 the	 center	 of	 the	 hive,	 in	 the	
surroundings	 of	 the	 brood	 area,	 where	 honeybees	 usually	
perform	tasks	as	nurses	or	food	processors	(Seeley,	1995).	
Forager	 bees	were	 trained	 to	 collect	 unscented	 1	M	
sucrose	solution	at	an	artificial	feeder	located	at	either	10	(H1	
and	H2)	or	6	m	(H3)	from	the	hive.	Once	a	foraging	group	of	
approximately	 20-30	 honeybees	was	 established,	 unscented	
0.5	M	and	2	M	sucrose	solutions	were	offered	in	the	artificial	
feeder.	 The	 two	 sucrose	 solutions	 were	 offered	 alternately,	
allowing	30	min	with	no	feeding	reward	in	between	sucrose	
solution	offerings.	After	changing	the	feeder	solution,	15	min	









flights	 were	 recorded.	 All	 captured	 bees	 were	 immediately	
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sacrificed	 with	 CO
2
	 and	 immersed	 in	 dichloromethane	 to	
extract	cuticular	compounds	(see	below).	
Cuticular Chemistry 
	 Cuticular	 compounds	 were	 extracted	 in	
dichloromethane	(DCM)	at	room	temperature	and	under	gentle	
hand	 stirring.	 In	 order	 to	 detect	 and	 quantify	 less	 abundant	
CHCs	 such	 as	 methyl-branched	 alkanes	 or	 alkadienes,	 the	
bees	were	extracted	 in	pooled	samples	consisting	of	groups	
of	five	bees	for	H1	and	H2	(feeding	site	and	hive	bees),	and	




(0.503	 mg/mL	 in	 hexane)	 were	 added	 as	 internal	 standard	
(IS).	 The	 extracts	were	 then	 concentrated	 to	 1	mL	 under	 a	
stream	of	nitrogen	for	GC-MS	analysis.
Chemical	analyses	were	done	by	gas	chromatography	
coupled	 to	mass	 spectrometry	 (GC-MS),	 using	 a	Shimadzu	
QP-2010	GC-MS	equipped	with	an	AT-5	MS	column	(Alltech)	
(30	m	×	 0.25	mm,	 0.25	μm),	 and	 operated	with	 a	 constant	





































In	order	 to	analyze	 the	net	amounts	of	all	 individual	
CHCs	(µg	equivalents	of	IS)	 in	the	cuticular	extracts	of	 the	
different	 treatments,	 we	 performed	 a	 Principal	 Component	
Analysis	(PCA)	(Quinn	&	Keough,	2002).	In	our	data	analysis,	






also	compared	 the	amounts	of	 the	 two	alkanes	and	 the	 two	
alkenes	that	have	been	reported	as	foraging	promoters	(Thom	







	 We	 identified	a	 total	of	48	compounds	by	GC-MS	
(Fig	1	and	Table	1),	including	CHCs	(9	through	48,	except	13),	
as	well	as	other	compounds	previously	described	in	honeybees:	








The	 identification	 of	 the	 compounds	 was	 based	 on	
mass	 spectra	 and	 retention	 index	 comparison	with	 those	 of	
databases	 (Table	 1	 and	 Supp	 1)	 (Adams,	 2007;	 El-Sayed,	
2014;	 Linstrom	 &	 Mallard,	 2005).	 As	 previously	 reported	
(Blomquist	 et	 al.,	 1980a;	 Carlson	 et	 al.,	 1989;	 Dani	 et	 al.,	
2004;	 Francis	 et	 al.,	 1989;	 Kather	 et	 al.,	 2011;	 McDaniel	
et	 al.,	 1984),	 the	 chromatograms	 of	 cuticular	 extracts	were	






.	 Peaks	 17,	 23	 and	
28,	 respectively)	 and	 (Z)-11-eicosen-1-ol,	 including	 lower	
amounts	of	alkenes,	alkadienes	and	methyl-branched	alkanes	
(Fig	 1).	 DMDS-derivatives	 of	 the	 alkenes	 showed	 double	




















We	 focused	 our	 quantitative	 analysis	 only	 on	 the	
CHCs.	The	net	amount	of	each	CHC	was	calculated	from	the	




An	 initial	 PCA	 analysis	 of	 CHC	 net	 amounts	 was	
done	 for	 foragers	 captured	 at	 the	 feeding	 site	 (from	 hives	
H1	 and	 H2),	 resulting	 in	 two	 principal	 components	 (PC)	
that	 represented	 48.81	 and	 16.39%	 of	 the	 overall	 variance.	 
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The	major	contributing	component	(PC1)	clearly	segregated	
the	 two	 honeybee	 groups:	 hive	 bees	 and	 forager	 bees,	
with	 no	 obvious	 separation	 of	 forager	 bees	 fed	 with	 0.5	
or	 2	 M	 sucrose	 solutions	 (Fig	 2).	 Although	 there	 was	





between	 these	 two	 factors	 in	PC1.	The	graphic	groupings	
observed	in	Fig	2	for	PC1	were	corroborated	by	a	significant	
difference	in	the	composition	of	CHCs	for	hive	and	forager	
bees	 (ANOVA	 PC1:	 F	 =	 121.22,	 df	 =	 2,	 p	 <	 0.01),	 and	
not	for	foragers	fed	with	0.5	or	2	M	(Tukey:	hive	bees	vs.	
foragers:	 df	=	67,	 p	<	0.01;	 0.5	M	vs.	 2	M:	df	=	67,	 p	=	
0.906,	Fig	2).





Diagnostic ions (%) S.I.3
Exp. Lit.
1 2-Nonanol 1098 1098 129 (M+-CH3, 4), 126 (M+-H2O, 44), 45 (100), 31 (CH3O+, 2) 94
2 Benzyl acetate 1166 1157 150 (M+, 30), 108 (100), 91 (60), 79 (33), 77 (19) 95
3 E-2-Octenyl acetate 1208 1208 128 (M+-CH
2
CO, 8), 110 (11), 43 (100) 94





, 41), 43 (100) n.a.
5 Geraniol 1254 1249 154 (M+, 1), 139 (M+-CH3, 3), 123 (M
+-CH
2
OH, 11), 69 (100), 31 (CH3O+, 1) 94
6 Geranic acid 1345 1342 168 (M+, 2), 150 (1), 123 (M+-CO
2




,20), 69 (100) 92
7 E-2-Decenyl acetate 1404 1408 156 (M+-CH
2
CO, 5), 138 (M+-CH3COOH, 6), 110 (15), 43 (100) 96




O, 10), 69 (100) 92
9 9-Nonadecene5 1874 1875
266 (M+, 13), 97 (86), 83 (98), 69 (84), 55 (100) 
DMDS: 360 (M+), 187, 173
96
10 Nonadecane 1898 1900 268 (M+, 3), 85 (53), 71 (70), 57 (100) 95
11 Heneicosane 2100 2100 296 (M+, 2), 85 (56), 71 (71), 57 (100) 97
12 Docosane 2199 2200 310 (M+, 2), 85 (58), 71 (74), 57 (100) 96
13 11-Eicosen-1-ol 2265 2260 278 (M
+-H
2
O, 8), 250 (2), 222 (2), 96 (84), 82 (100), 55 (89), 31 (CH3O
+,5) 
DMDS: 390 (M+), 217, 173
91
14 X,Y-Tricosadiene6 2268 n.a. 320 (M+, 15), 96 (94), 82 (79), 81 (95), 67 (100) n.a.
15 9-Tricosene 2273 2272
322 (M+, 12), 97 (100), 83 (93), 69 (71) 
DMDS: 416 (M+), 243, 173
95
16 7-Tricosene 2280 2280
322 (M+, 11), 97 (100), 83 (95), 69 (78) 
DMDS: 271, 145
96
17 Tricosane 2300 2300 324 (M+, 5), 85 (66), 71 (84), 57 (100) 92
Table 1. Retention	indices	and	mass	spectrum	diagnostic	ions	of	CHCs	and	glandular	compounds	in	the	cuticular	extracts	of	honeybees	(see	
Supp	1	for	full	ion	tables)
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18 X-Tetracosene 2374 2372 336 (M+, 13), 97 (100), 83 (97), 69 (74) n.a.
19 Tetracosane 2400 2400 338 (M+, 2), 85 (59), 71 (75), 57 (100) 95
20 X,Y-Pentacosadiene 2470 n.a. 348 (M+, 23), 96 (100), 82 (97), 81 (93), 67 (82) n.a.
21 9-Pentacosene 2474 2474
350 (M+, 8), 97 (100), 83 (83), 69 (67) 
DMDS: 444 (M+), 271, 173
94
22 7-Pentacosene 2481 2481
350 (M+, 7), 97 (100), 83 (81), 69 (69) 
DMDS: 299, 145
94
23 Pentacosane 2500 2500 352 (M+, 3), 85 (59), 71 (78), 57 (100) 94
24 13+11-Me-pentacosane 2533 2533
351 (M+-CH3, 1), 225 (13-methyl, 4), 224 (13-methyl, 5), 197 (11-methyl, 
3), 196 (11-methyl, 4), 169 (13-methyl, 7), 168 (13-methyl, 12), 85 (66), 
71 (82), 57 (100)
n.a.
25 Hexacosane 2600 2600 366 (M+, 3), 85 (63), 71 (83), 57 (100) 93
26 9-Heptacosene 2675 2675
378 (M+, 6), 97 (100), 83 (80), 69 (63) 
DMDS: 299, 173
n.a.
27 7-Heptacosene 2683 2683
378 (M+, 5), 97 (100), 83 (76), 69 (67) 
DMDS: 327, 145
n.a.
28 Heptacosane 2700 2700 380 (M+, 3), 85 (61), 71 (81), 57 (100) 91
29 13+11-Me-heptacosane 2731 2733
379 (M+-CH3, 2), 253 (11-methyl, 3), 252 (11-methyl, 3), 225 (13-methyl, 
5), 224 (13-methyl, 7), 197 (13-methyl, 5), 196 (13-methyl, 8), 183 (2), 
169 (11-methyl, 6), 168 (11-methyl, 8), 85 (65), 71 (80), 57 (100)
n.a.
30 Octacosane 2799 2800 394 (M+, 2), 85 (64), 71 (80), 57 (100) 93
31 9-Nonacosene 2878 2876 406 (M
+, 7), 97 (100), 83 (78), 69 (60) 
DMDS: 327, 173
n.a.
32 8-Nonacosene 2882 n.a.
406 (M+, 8), 97 (100), 83 (77), 69 (60) 
DMDS: 341, 159
n.a.
33 Nonacosane 2900 2900 408 (M+, 2), 85 (62), 71 (81), 57 (100) 95
34 15+13+11-Me-nonacosane 2931 n.a.
407 (M+-CH3, 1), 281 (11-methyl, 2), 280 (11-methyl, 2), 253 (13-methyl, 
3), 252 (13-methyl, 4), 225 (15-methyl, 7), 224 (15-methyl, 10), 211 (1), 
197 (13-methyl, 4), 196 (13-methyl, 7), 183 (3), 169 (11-methyl, 7), 168 
(11-methyl, 7), 85 (64), 71 (80), 57 (100)
n.a.
35 Triacontane 3000 3000 422 (M+, 1), 85 (65), 71 (81), 57 (100) 92
36 X,Y-Hentriacontadiene 3063 3077 432 (M+, 8), 96 (100), 82 (85), 69 (71) n.a.
37 10-Hentriacontene 3077 n.a.
434 (M+, 8), 97 (100), 83 (76), 69 (60) 
DMDS: 341, 187
n.a.
38 8-Hentriacontene 3084 3086
434 (M+, 8), 97 (100), 83 (78), 69 (62) 
DMDS: 369, 159
n.a.




435 (M+-CH3, 1), 309 (11-methyl, 1), 308 (11-methyl, 1), 281 (13-methyl, 
4), 280 (13-methyl, 4), 253 (15-methyl, 4), 252 (15-methyl, 6), 225 
(15-methyl, 4), 224 (15-methyl, 6), 197 (13-methyl, 5), 196 (13-methyl, 
7), 169 (11-methyl, 6), 168 (11-methyl, 4), 85 (67), 71 (82), 57 (100)
n.a.
41 X-Dotriacontene 3180 n.a. 448 (M+, 4), 97 (100), 83 (81), 69 (62) n.a.
42 Dotriacontane 3199 3200 450 (M+, 1), 85 (66), 71 (83), 57 (100) 94
43 X,Y-Tritriacontadiene 3258 n.a. 460 (M+, 10), 96 (100), 82 (84), 69 (73) n.a.
44 X-Tritriacontene 3278 n.a. 462 (M+, 9), 97 (100), 83 (79), 69 (61) n.a.
45 Y-Tritriacontene 3285 n.a. 462 (M+, 7), 97 (100), 83 (75), 69 (59) n.a.
46 Tritriacontane 3300 3300 464 (M+, 1), 85 (66), 71 (83), 57 (100) 93
47 X,Y-Pentatriacontadiene 3384 n.a. 488 (M+, 9), 96 (100), 82 (84), 69 (69) n.a.












Diagnostic ions (%) S.I.3
Exp. Lit.
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We	grouped	 the	CHCs	 into	 alkanes	 and	 alkenes,	 and	
compared	 their	 net	 amounts	 in	 extracts	 of	 forager	 bees	
captured	 at	 the	 feeding	 site,	 finding	 no	 differences	 with	
respect	 to	 the	 two	rewarding	 treatments	 (alkanes:	ANOVA;	
F
1,54




CHCs	 reported	 by	 Thom	 et	 al.	 (2007)	 as	 semiochemicals	
involved	 in	 the	 waggle	 dance	 did	 not	 show	 differences	 in	



















Fig 2. Relationship	 between	 cuticular	 hydrocarbons	 and	 sucrose	
concentration	 of	 hive	 bees	 and	 foragers.	 Scores	 plot	 showing	 the	
relationship	 of	 cuticular	 hydrocarbons	 extracted	 from	 honeybees	
from	different	hives	[diamonds:	Hive	1,	spring	2012	(N	=	5	samples	
per	treatment);	circles:	Hive	2,	summer	2013	(N	=	19	samples	per	




Fig 3.	 Hydrocarbon	 amounts	 extracted	 from	 foragers	 captured	 at	
the	 feeding	 site.	 (A) Net	hydrocarbon	amounts	 (µg	equivalents	of	
tridecane	 per	 bee)	 grouped	 as	 alkanes	 or	 alkenes,	 extracted	 from	
forager	 bees	 of	 different	 rewarding	programs	 (light	 gray	 bars:	 0.5	
M;	dark	gray	bars:	2	M).	(B)	Net	amounts	of	specific	hydrocarbons	
(9-tricosene,	 tricosane,	 9-pentacosene,	 and	 pentacosane)	 could	 be	

























































































































































































































































































but	 relatively	more	 abundant	 high	molecular	weight	 CHCs	
(>	C31)	 in	hive	bees,	 as	has	been	previously	 reported	 (Del	
Piccolo	et	 al.,	 2010).	 In	 line	with	 these	 results,	 task-related	
cuticular	 differences	 have	 been	 reported	 in	 Apis mellifera 
(Dani	et	al.,	2004;	Kather	et	al.,	2011),	and	at	least	in	part,	these	
differences	 are	 consistent	with	 higher	 exposure	 of	 foraging	
bees	 to	 more	 variable	 environmental	 conditions	 such	 as	
temperature	and	humidity	(Heinrich,	1993),	which	differ	from	
the	highly	controlled	conditions	experienced	within	the	hive.
When	 comparing	 the	 effect	 of	 sucrose	 concentration	
on	 the	CHCs	 of	 forager	 bees,	we	 found	 that	 bees	 captured	
at	 the	 feeder,	 just	 after	 feeding	 and	 before	 taking-off	 back	
to	 the	 hive,	 showed	 similar	CHC	 profiles	 regardless	 of	 the	




alkanes	 and	 alkenes	 than	 those	 that	 arrived	 from	 a	 poorer	







It	 has	 been	 shown	 that	 honeybees	 increase	 their	
metabolic	 rates	 and	 thoracic	 temperature	 when	 collecting	
sugar	 solutions	 of	 higher	 concentrations	 and	 reward	 rates	
(Schmaranzer	 &	 Stabentheiner,	 1988).	 Metabolic	 rate	 and	
body	 temperature	 correlate	 with	 the	 motivational	 state	 of	
forager	bees,	which	in	turn	depends	on	external	stimuli	such	
as	food	profitability	(Balderrama	et	al.,	1992;	Moffatt,	2001;	
Schmaranzer	 &	 Stabentheiner,	 1988).	 Moreover,	 there	 is	
evidence	 that	 the	flight	velocity	of	 foragers	 returning	 to	 the	
hive	 is	 higher	when	more	 profitable	 food	 (i.e.	 higher	 sugar	
concentration)	 is	 offered	 at	 the	 feeding	 site	 (von	 Frisch	 &	
Lindauer,	 1955).	 In	 the	 same	 line,	 we	 found	 that	 bees	 fed	





at	 least	 partially	 responsible	 for	 the	 difference	 in	 the	 CHC	
Fig 4.	Hydrocarbon	 amounts	 extracted	 from	bees	 captured	 at	 the	
hive	 entrance.	 (A)	 Net	 hydrocarbon	 amounts	 (µg	 equivalents	 of	
tridecane	 per	 bee)	 grouped	 as	 alkanes	 or	 alkenes,	 extracted	 from	
forager	bees	of	different	 rewarding	programs	(light	gray	bars:	0.5	
M;	dark	gray	bars:	2	M)	captured	upon	arrival	to	the	hive	entrance	
(N	 =	 15	 for	 both	 sucrose	 concentrations).	 (B)	 Net	 amounts	 of	
specific	 hydrocarbons	 (9-tricosene,	 tricosane,	 9-pentacosene,	 and	
pentacosane)	could	be	involved	in	the	recruitment	in	forager	bees.	
Error	 bars	 represent	 standard	 error	 of	 the	mean.	Asterisks	 above	
bars	 indicate	 significant	 differences	 (p	 <	 0.05).	N.S.	 indicates	 no	
significant	differences	(p	>	0.05).
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profiles	of	bees	returning	from	high	and	low	profitable	food	
sources,	as	we	hypothesize	here,	this	would	explain	that	bees	














and	 capture	 at	 the	 hive	 entrance.	 However,	 an	 increase	 in	
body	temperature	may	affect	the	physicochemical	properties	












receiver	 nestmates,	 returning	 foragers	 adjust	 their	 thoracic	
temperatures	 in	 relation	 to	 the	 food	 source	 profitability	
(Farina	 &	 Wainselboim,	 2001;	 Stabentheiner,	 1996;	
Stabentheiner	&	Hagmüller,	1991).	Moreover,	four	common	
honeybee	 CHCs,	 two	 alkanes	 and	 two	 alkenes,	 have	 been	
reported	on	 the	body	 surface	of	waggle	dancing	honeybees	
(Thom	 et	 al.,	 2007),	 and	 they	 are	 known	 to	 be	 perceived,	
learned	and	discriminated	by	workers	 (Chaline	et	al.,	2005;	
Getz	&	Smith,	 1987).	Furthermore,	when	 a	 subset	 of	 these	
compounds	[(Z)-9-tricosene,	tricosane	and	pentacosane]	were	
injected	into	the	hive,	the	number	of	exiting	bees	increased,	
and	 the	 authors	 postulated	 that	 a	 passive	 emission	 of	 these	
compounds	could	be	promoted	by	the	high	body	temperature	
reached	by	 the	 intense	movement	of	 the	dancer	bee	 (Thom	









hive	 entrance,	 some	CHCs	 (i.e.	 tricosane	 and	 pentacosane)	
are	 present	 in	 higher	 amounts	 in	 the	 surface	 extracts	 of	
foragers	fed	with	high	sugar	concentration,	compared	to	those	
from	bees	 fed	with	 low	sugar	concentration.	This	small	but	
significant	 chemical	 difference	 in	 CHC	 profiles	 could	 alert	
nestmates	about	the	presence	of	good	food	sources,	and	may	
be	 enough	 to	 activate	 or	 reactivate	 unemployed	 foragers	 to	
forage.	In	the	same	line,	Thom	and	Dornhaus	(2007)	suggest	
that	volatile	compounds	of	active	foragers	could	promote	an	
increase	 in	 foraging	 behavior.	 Since	CHCs	 are	 only	 faintly	
volatile,	body	contacts	may	also	be	significant,	and	we	have	
shown	 that	 simple	 body	 contacts	 with	 active	 foragers	 are	
enough	 to	motivate	experienced	nestmate	 foragers	 to	 return	
to	known	 feeding	 sites	 (Balbuena	et	 al.,	 2012).	Such	 social	
interactions	are	unrelated	to	dance-following	or	trophallaxis,	
and	 likely	 involve	 the	 perception	 of	 cuticular	 compounds.	
Our	results	are	in	line	with	previous	studies	that	suggest	that	
cuticular	chemistry	may	possess	a	 signaling	 role	during	 the	
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